U|| 


\  \  iwarwi vw*®**-  -  ■ 

\  \  •■'•$*.•  J-V*:  1  'W*  ;.  «  ■• 


and  V  i  I  ft-  15-  1)  /*'  I1  1?  ■ 

JV  /  J  ■  •  ■0-.J-,'..-.  ,.- 

TECHNICAL  REPORT 


12415 


ABSORBED  POWER  RIDE  HEASUREHEHT  INSTRUCT 


!  \  / 
t  v  / 


Dsceobsr,  1978 


RICHARD  A.  LEE 
JAMES  CUM8CW 


?or  jrcbTTo  raIdft*sT 
distribution  up’Mnltsd. 


••MMMMMMSMMMSMaatMVM 


U.S.  ARMY  TANK-AUTOMOTIVE 
RESEARCH  AND  DEVELOPMENT  COMMAND 
Wafron,  Michigan  43090  ,  p^ELtCfE1 

\\  FEB1 1 1S87  i 


87  2  10  "07 


AcgraiasErars 


Partial  support  for  this  project  was  obtained  froa  tha  A  ray 
Research  Gfflca  undar  project  title  "Husaa  Tolerance  to  Ride", 
f undl ng  cl ta  6111C2.  P2201 1 . 


?  or 


1 


An  Instrcnant  to  saasura  the  rid®  2 3 verity  of  «  vehicle  has  teen 
designed  and  ecnstruciad.  Tha  Instnssent  cperatas  on  tha  principle  of 
the  passanger/drivar's  "absorbed  pcsaar".  The  theory  of  absorbed  power 
Is  covered  as  wall  as  the  limitations  of  sinusoidal  tolerance  curves. 
The  ces^late  electronic  circuits  for  the  Instnssnt  are  presented  along 
with  Its  operating  instructions. 
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Tha  objective  of  this  program  ess  to  design  and  construct  an  Instru- 
Kjnt  to  ssasure  vahlcla  rids.  T:a  Instrument  had  to  ba  easy  to  use* 
reliable  and  capable  of  accurately  ensuring  vehicle  ride. 
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unacatTicw 


tony  different  investigators  have  attssptad  to  quantify  vibration  severity 
by  subjecting  people  to  different  vibrating  envlronscnts  awl  recording 
their  reactions.  The  cajor  difficulty  encountered  Is  that  one  Is  not 
quantifying  a  physical  phenesaaon  but  humn  reaction  to  an  external  stimulus. 
This  reaction  Bust  tuba  the  far a  of  a  qualitative  assessment  or  It  eust  be 
relative  to  sesa  other  stimulus;  the  problem  associated  with  either  will 
be  discussed.  A  rathed  of  ensuring  vibration  severity  that  ellal nates  the 
problem  of  assuring  fctsan  reaction  to  vibration  will  be  presented  and 
discussed.  ' 

There  have  been  cany  attempts  to  attach  subjective  ratings  to  vibration 
severity.  Those  ratings  have  been  descried  as  "Intolerable",  “annoying", 
"perceptible",  etc.  A1 though  there  has  boon  a  great  deal  of  research  done, 
there  has  not  boon  universal  agreement  on  what  Is  "annoying"  or  "Intolerable" 
vibrations.  The  reason  fer  this  Is  that  one  cannot  attach  this  typo  of 
d  3  script  left  to  a  vibration  without  defining  the  envlrcnssnt;  in  othnr  words, 
ere  cannot  say  that  a  vibration  13  "unccsfOrtable"  without  first  daftninf 
the  envIrsnsKiiit  the  individual  Is  In.  A  vibration  In  an  autcrablls  ray  be 
"annoying",  "isKc-fcrtabla"  or  ev^n  “Intolerable".  but  this  sase  vibration 
In  a  truck  ray  be  tsrsed  "cssfortable".  Ose  could  ride  for  hours  In  Ms 
automobile,  but  If  this  sasa  vibration  were  Induced  In  his  living  rca  at 
hesa,  it  would  be  “Intolerable".  Curm  that  define  reduced  ccafcrt  bosstd- 
arles  are  completely  useless  to  people  In  the  business  of  designing  vehicles 
unless  they  are  cade  specifically  for  that  environment..  There  is  also  the 
preblea  of  hew  to  relate  frequency  spectruas  to  sinusoidal  boundary  curves 
but  this  prcblca  will  be  discussed  In  subsequent  sections. 

The  other  ntathod  used  to  evaluate  vibration  Is  to  rate  one  vibration  or 
sensual  input  relative  to  raother.  This  Is  called  cross-radallty  and  one 
elthar  related  light  or  sound  intensity  to  a  vibration  or  one  vibration  Is 
ratod  relative  to  another.  This  cathotf  of  evaluating  the  severity  of  e 
vibration  Is  at  best  a  very  controversial  procedure. 

Whole  body  vibration  Is  a  completely  different  phsressren  than  a  highly 
localized,  or  a  single  sensory  input.  In  wtoie  tody  vibrations,  the 
sensations  that  occur  In  the  4  to  7  cps  ring*  are  entirely  different  frost 
the  sensations  that  occur  In  the  a  to  15  cps  range.  In  the  4  to  7  cps 
range,  tharprisary  cbjactlon  to  the  vibration  Is  the  resonating,  or  rela¬ 
tive  of  heart,  lungs  and  other  organs  located  In  the  thorax.  It  Is 
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believed  that  this  is  caused  by  the  mass  above  the  diaphragm  resonating, 
with  the  diaphragm  acting  as  a  spring.  In  the  8  to  15  cps,  the  primary 
objection  is  movement  of  the  head.  This  Is  also  the  range  of  frequencies 
where  loss  of  visual  acuity  is  most  pronounced.  It  is  believed  that  this 
is  caused  by  a  resonating  condition  in  the  spinal  column.  The  major  ob¬ 
jection  In  the  low  frequency  range,  assuming  less  than  lg  peak,  is  the 
relative  motion  of  Individual  and  environment. 

It  should  be  understood  that  the  previously  mentioned  sensations,  and  an 
undetermined  amount  of  others,  occur  simultaneously  at  all  frequencies,  but 
become  more  pronounced  In  the  frequency  range  mentioned.  Consequently, 
unless  cross-modality  measurements  made  for  different  sensations  give  the 
relation  between  the  measured  sensations,  then  It  cannot  be  used  to  evalu¬ 
ate  whole  body  vibration.  This  sara  problem  arises  when  one  attempts  to 
rata  one  vibration  relative  to  another. 

This  change  of  sensation,  both  In  location  and  sensual  Input,  is  primarily 
frequency  sensitive.  Therefore,  there  Is  some  Indication  that  the  evalua¬ 
tion  of  ride  may  be  possible  using  cross-modality  at  a  single  frequency. 

It  Is  cocsnonly  accepted  that  ride  Is  proportional  to  sons  power  of  accelera¬ 
tion  at  a  single  frequency,  i.e.. 


P  a  An 


(1) 


or: 


P  ■  KAn 


(2) 


Using  cross-modality.  It  may  be  possible  to  solve  for  the  exponent  n,  and 
determine  If  it  is  frequency  sensitive,  but  at  the  present  it  Is  believed 
that  there  are  too  many  unanswered  questions  to  evaluate  the  frequency 
dependence  of  K  using  cross-modality. 

It  has  been  shown  from  many  research  experiments  that  the  rate  at  which  the 
body  absorbs  energy  correlates  very  well  with  a  person’s  subjective  response 
or  reaction  to  a  vibration.  This  parameter  has  been  called  "absorbed  power". 
It  has  a  physical  significance  and  Is  measurable.  This  eliminates  the  need 
for  measuring  human  reaction  to  a  vibration,  but  requires  one  to  measure  the 
absorbed  power  for  a  particular  vibration  environment  and  one  can  then  easily 
determine  the  severity  cf  the  vibration.  This  procedure  is  analogous  to 
measuring  temperature  to  determine  human  comfort  or  discomfort  In  a  particular 
environment.  One  does  not  measure  the  human  reaction  but  the  parameter  that 
affects  It. 


ABSORBED  POWER 


The  original  formulation  of  absorbed  power  as  a  means  of  measuring  vibration 
severity  occured  from  observing  many  different  subjects  being  vibrated  In 
a  ride  simulator  and  from  the  author  personally  spending  many  hours  being 
subjected  to  different  vibrations.  From  this  experience  two  observations 
were  made: 

1.  The  more  relative  motion  cccurlng  between  various  parts  of  the 
body,  the  more  severe  the  vibration. 

2.  Doubling  the  amplitude  of  the  vibration  more  than  doubled  the 
severity. 

Frcm  these  two  observations  a  theory  was  postulated,  "The  severity  of  a 
vibration  is  proportional  to  the  rate  at  which*  the  body  Is  absorbing  energy." 
Frcm  this  statement  an  equation  can  be  written  that  expresses  It  In  mathe¬ 
matical  terms: 


P  ave  ■ 
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F{t)  V(t)  dt 


(3) 


This  calculates  the  average  power  absorbed  by  a  human  when  F(t)  Is  the 
Input  force  and  V(t)  Is  the  input  velocity.  Note  for  a  solid  mass  F«ma 
and  the  average  Is  zero. 

Several  Important  observations  can  be  made  from  this  method  of  evaluating 
vibration  severity. 

1.  Absorbed  power  has  a  physical  significance  and  interpretation. 
Its  variation  with  different  subjects  can  be  measured. 


2.  It  does  not  rely  on  sinusoidal  Halts  to  determine  comfort  limits. 

3.  It  gives  a  single  numeric  value  for  a  vibration. 

4.  It  can  be  used  for  periodic,  aperiodic  And  random  vibration. 
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To  vail  data  absorbed  power  as  a  Esans  of  da  to  raining  vibration  severity, 
a  f crca-esasuri ng.pl atf era  teas  built  and  several  subjects  were  run  through 
a  so  Ha  3  of  vibration  tests.  Absorbed  po^r  was  jssasured  and  their  sub¬ 
jective  responses  were  recorded.  Results  of  this  test  were  published. 
Absorbed  power  correlated  axtrtsaly  tell  and  It  was  ciata rained  that  It 
accurately  Esasursd  vibration  sevarlty.  At  this  point  the  shape  of  the 
sinusoidal  tolerance  curve  was  not  fcnjwn. 

The  equIpsKflt  required  to  assure  absorbed  power  was  fairly  elaborate  and 
it  could  only  realistically  be  (tone  In  the  laboratory.  The  force-**** urlng 
pi atf era  was  large  and  bulfcy  and  required  ccosldaraole  Instrumentation  for 
the  dynsalc  aeasurossnt  of  force.  What  was: required  wss  a  oceans  to  obtain 
force  frea  an  accal eresater.  To  acctfspllsh  this  a  transfer  function  was 
derived  that  relates  force  to  acceleration.  Twsnty-cne  different  subjects 
were  sinusoidally  vibrated  for  frequencies  of  loss  than  one  Hz,  to  over 
£0  Hz.  The  force  acceleration  and  phase  between  that  was  eeasured  at  each 
frequency.  The  saaan  for  the  21  subjects  was  graphed  and  a  transfer  func¬ 
tion  was  fit  to  the  graph.  This  was  ten#  for  the  three  linear  eatlons  and 
tea  feet.  These  transfer  factions  wire  published  In  an  earlier  paper  and 
will  not  be  repeated  here. 

This  greatly  slap!  If  led  the  calculation  of  absorbed  power  and  sad#  It 
possible  to  calculate  It  entirely  on  a  computer.  However,  there  was 
still  a  problem  In  the  lew  frequojxy  end  of  tee  spectra.  The  calcula¬ 
tion  of  absorbed  pewar  for  lew  frequency  was  very  dependent  upon  the  phase 
between  fares  and  velocity.  Consequently  one  had  to  have  very  high  grads 
aapllflers  and  Integrators  to  calculate  power  froa  an  acceleration  signal 
or  considerable  error  would  be  Introduced.  The  p  rob  lea  was  eliminated  by 
deriving  a  frequsncy-dependent  weight  function. 


sinusoidal  munm  limits 


To  arrive  at  a  single  means  to  dotoralne  the  absorbed  power  from  an 
accaleratien  signal  It  was  necessary  to  derive  frequency  and  amplitude 
weighting  functions.  The  derivations  prcc&adad  as  follows: 

Writing  force  as  a  sta  of  sine  waves: 

F(t)  •  I  F1  Sin  (Wt  ♦  ♦  <)  (4) 

1*0 

and  velocity  as: 


n 

Y(t)  ■  I  Vi  Sin  W<t  (5) 

1-0 


Inserting  these  expressions  Into  the  equation  for  absorbed  power  and  Baking 
appropriate  simplifications. the  equation  for  power  can  be  written: 


n 

P  ave  •  £ 

1-0 


(6) 


Taking  the  llnrlts  and  noting  the  appropriate  substitutions  for  sinusoidal 
waves  .this  reduces  to: 


n 

P  ave  ■  I 
1-o 


*2|m. 


(7) 


I 

Where  Is  a  function  of  frequency  and  is  the  root -mean-square  of 
the  acceleration. 

Absorbed  power  can  then  be  computed  by  multiplying  the  mean-square  accelera¬ 
tion  of  the  appropriate  Kj. 
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The  derivation  of  Kj(W)  proceeds  as  follows: 

The  transfer  function  that  relates  force  to  acceleration  can  be  written  as: 

•  - 

Sn  ♦  C^n-1  +  +  Cn.]S  +  Cn  (8) 

,Sm  +  Cn^Sm  ^  S  +  Cfy+m 

Letting  $  •*  JW  equation  (8)  can  be  put  Into  the  following  form: 

G(JU)  •  *>(Fi  ♦  »il 

f3  +  J«F4  i  (9) 

This  Is  simply  separating  the  numerator  and  denominator  Into  Its  real  and 
Imaginary  parts. 

The  equation  for  absorbed  power  can  then  be  written: 


xfff-S(S)  '*9 


P*™-  k,  ( lS!>l1)l*21r"  1  S1M1  0°) 

Then: 

*1  -  lG(wlM  S1n  *1  (11) 


G(JW)  can  be  manipulated  Into  the  following  forms: 


|g(jw)|  -Ko 


i/^JTwV 

y  F32  +  w2f^ 


02) 
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and: 


(13) 


<1«) 


Hie  Fs  are  the  real  and  Imaginary  parts  of  the  transfer  function.  IU 
Is  given  by: 


*1 


*0 


^4  -  W 
F32  ♦  «2f42 


-05) 


The  equations  for  the  Fs  were  published  in  reference  number  one. 

If  one  takes  equation  (14).  sets  P  ave  equal  to  a  constant  and  solves  for 
the  acceleration  at  each  frequency,  a  constant  comfort  or  tolerance  limit 
curve  Is  obtained.  Figure  1  has  a  6-watt  curve  superimposed  with  the  other 
data  to  show  how  It  compares  with  this  experimental  data.  Note,  although 
this  6-watt  curve  was  derived.  Its  correlation  with  experimental  data  is 
very  good,  giving  additional  strong  evidence  that  absorbed  power  accurately 
measures  vibration  severity*  If  one  determines  a  constant  power  level  for 
a  particular  vibration  environment,  this  then  determines  the  sinusoidal 
tolerance  limit  curve.  It  Is  not  a  curve  that  1$  measured  but  derived. 

From  past  experienced  watts  Is  about  the  limit  for  cross-country  type  vehicles 
and  .2  to  .3  watts  for  automobiles. 
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RAKOOM  VIBRATION 


A  pur*  sinusoidal  acceleration  sine  wave  Is  extremely  difficult, 

If  not  l^osslbla  to  generate  In  a  mechanical  system.  Tnls 
could  not  be  sore  evident  than  when  one  attempts  to  achieve  a  sinusoidal 
vibration  In  a  shaker  systaa.  There  is  always  scssa  distortion  occurlng 
even  though  every  attempt  has  been  made  to  achieve  a  pure  or  clean  sine 
wave.  Thus,  a  system  that  attempts  to  evaluate  tolerance  limits  must  be 
able  to  evaluate  these  limits  for  randan  or  quasi -randan  type  vibrations. 
If  It  does  not  then  It  proposes  a  cure  for  which  there  Is  no  Illness. 

To  help  clarify  the  situation. consider  the  following  example: 

If  one  scans  a  randan  vibration  with  a  filter  the  output  from  the  filter 
will  be  given  by: 


G( JW)  »  Transfer  function  of  filter. 

*(JW)  *  Power  spectral  density  of  input  signal. 


If  one  new  considers  an  ideal  filter,  l.e.,  a  filter  that  has  a  constant 
gain  over  Its  bandwidth  and  Is  everywhere  else  zoro,  and  uses  this  filter 
on  a  white  noise  vibration,  (white  noise  has  equal  emplltude  at  all  fre¬ 
quencies)  then  Inserting  these  conditions  into  equation  (16)  and  performing 
the  Integration. the  output  of  the  filter  Is  given  by: 


Where  G  Is  the  gain  of  the  filter,  K  Is  the  white  noise  amplitude,  and 
w2  "  W1  th*  bandwidth  of  the  filter.  Inserting  the  filter  bandwidth 
Into  equation  (17)  It  can  be  written  as: 


•ms  ■  gT/kb"  (18) 
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B  ■  Filter  bandwidth 

This  Is  a  very  significant'  relationship.  The  output  from  the  filter  varies 
as  the  square  root  of  the  bandwidth.  If  one  scans  this  signal  with  a 
filter  that  has  very  narrow  bandwidth  one  would  obtain  many  very  low  ampli¬ 
tude  signals.  On  the  other  hand  If  one  opens  up  the  bandwidth .the  signal 
becomes  larger.  The  amplitude  can  be  determined  by  the  filter  width.  Thus 
If  one  applies  sinusoidal  boundary  Units  to  random  vlbratlon.one  can 
obtain  any  answer  he  so  desires  by  appropriate  choice  of  filter.  Or  stated 
conver?e1y*1f  one  sets  filter  widths  this  has  as  much  influence  on  the  final 
answer  as  the  statad  tolerance  limits. 

Taking  equation  (18),  squaring  both  sides,  and  dividing  by  the  bandwidth 
one  obtains: 


2 

t  ms 
~T~ 


g2k 


(19) 


This  Is  power  spectral  density  and  Is  Independent  of  the  filter  width.  There 
Is  no  ambiguity  and  tha  same  answer  will  be  obtained  Independent  of  the 
bandwidth  of  the  filter. 

It  can  be  shown  that  tha  calculation  of  absorbed  power  can  be  written  as: 


(20) 


Where  K(W)  is  the  previously  derived  K(W)  and  AZ(W)/B  Is  the  acceleration 
power  spectral  density. 

Thus  absorbed  power  can  be  calculated  In  both  the  time  and  frequency  domain 
with  no  Introduction  of  ambiguity  or  error. 
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gigcrccnic  wsisHTira  circuits 


To  calculate-abscrfeed  pc^ar  frea  in  accelercsater  signal  It  was  necessary 
to  formulate  an  electronic  circuit  that  has  gain  characteristics  that 
vary  with  frequency.  The  output  frea  the  circuit  east  vary  as  the  square 
of  acceleration  and  have  appropriate  frequency  chancterlsttcs  to  agree 
with  the  calculation  of  absorbed  power.  The  frequency  characteristics  are 
deteralned  as  follows: 

If  an  acceleration  signal  Is  ran  through  a  frequency  weighting  circuit  the 
output  Is  given  by: 


«o  »  S(JM)A1n 


(21) 


Squaring  this  output  and  equating  It  to  poser  one  obtains: 


They  are  Identical  If: 

IG(OW)  |  •  -JWT  (23) 

or: 


|swi 


'  W 


(24) 


This  then  determines  the  frequency  characteristics  of  the  weighting  circuit. 
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The  transfer  function  for  each  ration  was  determined  by  graphing  the 
right-hand  side  of  equation  (24)  and  fitting  this  carve  with  a  polynomial 
In  S  (the  Lap  lice  Transfora).  This  datersrlned  the  frequency  characteris¬ 
tics  of  the  electronic  weighting  circuits. 

The  solid  line  In  Figure  2  Is  a  graph  of  the  right  side  of  equation 
(24)  for  the  vertical  ration.  The  value  of  the  Fs  and  how  they  were 
obtained  Is  given  In  reference  1.  The  dash  line  Is  a  graph  of  the  left 
side  of  equation  (24)  to  show  the  correlation  achieved.  The  transfer 
function  for  this  cum  is: 


VERTICAL: 


.  14.5  S($  ♦  44) 

6(S}  (S  '♦  63)  (U  243  ♦  750)  (25) 


The  solid  line  In  Figure  3  Is  a  graph  of  the  phase  angle  for  the 
vertical  notion.  The  dash  line  Is  a  graph  of  the  phase  of  equation  (25). 

Figures  4  and  3  are  graphs  of  the  asplltudas  and  phase  for  Fore-Aft 
ration.  The  transfer  function  Is  given  by: 


FCRE  -  AFT: 


) 


G(S) 


220S _ 

{$*  ♦  16S  ♦  1G0)(S  ♦  15) 


(26) 
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Fibres  6  and  7  are  amplitude  and  phase  plots  for  Sldo-To-SLa 
ration. 


SIDE-TO— $ID£: 


_ 525  $(S  ♦  9.471(3  ♦  3.51 _ 

(S2  ♦  8.35  ♦  142}(S2  +  3.30S  ♦  14.2){S  ♦  12S) 


These  equations  date  mine  the  frequency  characteristics  for  the 
electronic  minting  circuits.  The  output  frea  those  east  bo  squared  and 
averaged  to  obtain  the  absorbed  power  for  each  ration. 

The  transfer  function  for  each  ration  ms  date  rained  by  graphing 
equation  (24)  and  fitting  this  curve  with  a  polynomial  In  S.  The  weighting 
circuit  for  each  ration  was  derived  In  this  Banner.  The  equation*  circuit 
and  output  graph  for  each  ration  Is  given  In  Figures  2,  3  and  4  and  the 
rathod  of  Interconnecting  those  circuits  Is  given  in  Figure  5.  The  re¬ 
sultant  output  Is  than  absorbed  power  calculated  fro  an  accalercratar, 
weighting,  squaring  and  averaging  circuit. 
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FREQUENCY  -  HERTZ 
VERTICAL  HUMAN  RESPONSE  CURVE 

Figure  2 


F ORE-RFT  HUMRN  RESPONSE  CURVE 

Figure  4 


FORE-RFT  HUMRN  RESPONSE  CURVE 

Figure  5 


SIOE-TO  —  SIDE  HUMRN  RESPONSE  CURVE 

Figure  7 


OPESATIffl  IHSTSl'CTlCfS 
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Operation  of  tbs  Absorbed  Posar  Rids  evaluation  unit  Is  sirsple.  The  eperafr* 
Ing  controls  consist  of  four  switches.  Rsfor  to  Figure  8  for  location. 


1.  Three  position  toggle  switch  for  "ftjda"  control  to  select  Operate,  Hold 
or  Reset  conditions  for  the  isilt. 

In  the  "Cporala"  soda  the  unit  Is  ccrsouting  and  storing  the  average 
Absorbed  Pc^r  for  the  Vortical,  Side-Side  and  Fore-Aft  notions,  (not 
to  exceed  200  sec). 

In  the  "Hold"  soda  the  unit  retains  the  readings  obtained  while  In 
“Cparata*  thus  permitting  the  operator  to  readout  the  three  power  readings 
on  the  digital  display  by  rotating  the  readout  selector  switch  to  the 
desired  position. 

In  the  "Reset"  cede  the  storage  devices  are  returned  to  zero  end  the 
unit  Is  ready  for  the  next  run. 

2.  Throe  position  rotary  switch  for  selecting  the  Vertical,  Side-Side  end 
Fora-Art  puwar  reading  to  be  displayed  on  the  digital  readout. 

3.  Threw  position  rotary  "Acceleration  Rarr3«"  control  seitch  to  select 
preset  peak  acceleration  levels  to  be  conltared  by  the  acceleration  Indica¬ 
tor.  The  Indicator  Is  lit  and  resain*  so  when  the  preset  level  1u  reached 
or  exceeded  during  a  run. 


4.  Koosntary  ccntatt  push  button  "Resat"  switch  to  reset  the  peak  accelera¬ 
tion  Indicator  light. 


To  use  the  tnstrmnent  wount  che  trlaxlal  acceleruaseter  to  the  vehicle  at  the 
station  to  be  tested.  (Driver's,  gunner's,  caigo  arts,  etc)  and  proceed  ao 
follows. 

For  Absorbed  Power  readings  the  operating  procedure  Is  - 

»  * 

a.  Bring  the  vehicle  to  desired  speed  end  put  the  "Mode"  control  switch 
In  the  "Operate"  position  (up).  Runs  are  not  tc  exceed  200  seconds. 


b.  tlfcsn  the  course  has  been  covered,  put  the  "Node"  control  switch 
In  the  "Hold*  position  (center). 

c.  Rotate  the  "Readout  Selector*  switch  to  the  Vertical,  Side-Side 
and  Fore-Aft  positions  and  record  the  readings. 

d.  Move  the  "Mode"  control  switch  to  the  "Reset"  position  (down)  to 
prepare  unit  for  the  next  run. 


For  Peak  Acceleration  detection  the  operating  procedure  Is  - 

a.  Preset  the  peak  acceleration  range  switch  to  the  level  to  be 
detected. 

b.  Proceed  with  the  run  as  In  step  "A"  of  the  Absorbed  Power 
procedure. 

c.  If  the  Indicator  light  cceas  on,  the  preset  level  has  been  reached 
or  exceeded. 

d.  To  reset  the  level  detector,  push  the  "Reset"  button. 

e.  Vou  are  now  ready  for  the  next  run. 


CIRCUIT  DESCaiPTIf* 


FlStsra  9  Is  a  fclcck  dlagrta  showing  tha  Interconnection  of  tl-e  various 
circuits.  Tha  acceleration  Is  obtained  frea  a  trlaxlal  accelererater. 

(If  only  on*  motion  Is  desired  a  single  accalercaqter  can  be  usad).  The 
accal orations  ara  fsd  through  tha  frequency  weighting  circuits.  Each 
motion  has  Its  cm  squaring  and  storage  circuit.  Tha  freqisancy  weighting 
circuits  for  each  ration  ara  glvan  In  Figures  10*  11  and  12.  Tha  circuit 
for  tha  push  acceleration  detector  Is  glvan  In  Fleure  13.  This  circuit  Is 
used  to  datercrina  tla  peak  accal ©ration  Input.  Tha  level  Is  sat  by  the 
acceleration  rang®  knob.  an  accaleraticn  exceeds  the  sat  level,  the 
light  will  light  and  rcsaln  on  until  mat. 

Figure  14  shews  the  prior  connections  for  the  chips  used  fo«*  the  raltlpller 
and  divider.  Each  ration  has  its  own  multiplier  end  divider.  The  output 
frea  the  multiplier  (squaring  circuit)  Is  Integrated  and  the  output  frea 
tha  Integrator  Is  fad  Into  the  divider  circuit.  This  si  (pal  Is  divide  by 
tlsa  In  tha  divider  circuit.  Tlta  Is  achieved  by  fcadlr.g  a  refer©?©?  volhtga 
Into  an  Integrator.  The  output  frea  the  timing  circuit  Is  used  In- tie  throe 
divider  circuits.  The  output  frea  these  circuits  Is  displayed  on  the  mtsr 
with  the  desired  reading  obtained  by  the  selector  switch. 
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VERTICAL  CIRCUIT  DIAGRAM 


SIDE-SIDE  CIRCUIT  DIAGRAM 


Figure  13 


ABSORBED  POWER  COMPUTING  PROCESS  CIRCUIT  DIAGRAM 


Power  required  for  the  "Absorbed  Power  Ride  Evaluation  Unit"  Is  +5V0C 
and  4  IS  VOC.  They  are  obtained  by  means  of  a  series  regulator  to  drop 
the  iburce  voltage  to  5  VOC  and  a  Burr-Brown  #546  power  nodule  that  con¬ 
verts  +5  VOC  to  4-15  VOC. 


*  can  be  24  VOC  source  fay  changing  value  of  R]  or  wattage  rating  of  Z,. 


The  source  to  45  VOC  convertor  Is  a  simple  solid  state  device  utilizing 
a  NPN  transistor  and  zaner  diode  In  a  series  regulator  configuration. 


+12  VOC 


COMMON 


Figure  16 


The  5.1  volt  zener  was  selected  to  give  a  +4.7  VOC  output  to  prolong  the 
life  of  the  AD-2002  digital  readout  device. 
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■"An  Instrument  to  measure  the  ride  severity  of  a  vehicle  has  bem  designed  and 
constructed.  ^Ite  Instrument  operates  on  the  principle  of  the  passenger/dri ver's 
^absorbed  power*/  The  theory  of  absorbed  power  Is  covered  as  well  as  the 
|  limitations  of  sinusoidal  tolerance  curves.  The  complete  else .ronic circuits 
|  for  the  instrument  are  presented  along  with  its  operating  instructions.  -- 
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